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Description 

The present invention relates to a method of producing ceramic products, in particular ceramic products with high 
unfired, or "green", strength, especially for use in buildings. 
5 It is known to produce fire resistant products for use in buildings and many of these comprise inorganic material 

such as asbestos bound together into a board or duct. Asbestos is no longer recommended for many applications. 
These products may take the form of board for use in partitioning or in cladding steel structures. It is important that 
this material is itself non-flammable and must exhibit poor thermal conductivity so that the temperature of the flame is 
dropped across the thickness of the material to an acceptable level. This is particularly important when encasing steel 
10 structures since in some cases the steel can reach a temperature where it will soften and deform. 

As ceramic products are fire resistant (although not necessarily having the low thermal conductivity of fireboard) 
they are useful as cladding products However the green strength of most ceramic material limits the size and complexity 
of shape that can be made owing to handling problems before firing and/or glazing. 

It is an object of the present invention to provide a method of producing a ceramic material which can be formed 
'5 into boards or other products which have good fire resistance. 

Accordingly, there is provided a method of producing a ceramic product comprising the steps of preparing an 
aqueous slurry of a silica sol with a retractile material comprising an acicular calcium metasilicate wherein the range 
of particle sizes used and the total specific surface area of these particles in relation to the silica particles is such as 
to give high green strength, causing the slurry to gel by freeze moulding in a closed mould to form a solid structure 
20 and drying said structure to form a solid ceramic product. 

The refractile material, which should be insoluble in water, is a calcium meta-silicate. Preferably, the material 
includes both calcium and zirconium silicates. 

The product can be tailored, as explained more fully hereinafter, to produce a relatively lightweight fireboard or a 
high green strength ceramic board in large or complex shapes suitable for subsequent firing into a 'tile' (which term is 
25 to include moulded three-dimensional shapes as well as simple square or rectangular sheets). 

When the resultant product is a ceramic board, it has been found to have unexpectedly high green (unfired) strength 
and, in addition, the surface of the product produced using this method is particularly suitable for application of ceramic 
glaze, due to its smoothness, porosity and the absence of materials in the composition which would damage the glaze 
when burned out during firing. Preferred products are large flat or cornered tiles primarily, but not exclusively, for use 
30 as internal or external decorative architectural wall cladding material. 

We believe, although the utility of the invention does not depend on the veracity of this belief, that the high green 
strength may be due to one or a combination of the following factors:- a) the introduction of divalent, as opposed to 
trivalent (such as Al 2 0 3 ), cationic refractile material; b) the change in pH caused by the addition of acid-neutral zirconium 
silicates into the alkaline sol; and c) the range of refractile particle sizes used, and the total specific surface area of 
35 these particles in relation to the silica particles, available for bonding. These may all or in part contribute to the formation 
of stronger bonds between the silica particles during the gelation process and confer the enhanced green strength 
properties of the product. 

Where a fireboard is required, the product may be of relatively low density, advantageously no more than 850kg/ 
m 3 , ideally 500 or even 250 kg/m 3 . 
40 The step of drying may be carried by firing the structure or by allowing the structure to dry under conditions sub- 

stantially close to ambient. 

The slurry is preferably frozen at a temperature in the range -5°C to -1 50°C, advantageously in the region of -40° C 
to -70° C. 

The slurry comprises a colloidal sol of silica advantageously having an average particle size less than 30 nancm- 
^5 eters. 

The step of freezing said slurry is carried out in a closed mould, preferably with an element of high thermal con- 
ductivity. In this case the mould may be of a metal, or heat conductive material, such as aluminium, or a resin, such 
as an epoxy resin, filled with a metal powder, such as aluminium powder. 

To produce a fireboard, the slurry may contain void forming material, such as particles of sawdust, polystyrene or 
50 the like, and which is burnt out during the step of firing, or a gas-forming agent. In addition, thermally resistant materials 
or strenthening fibres/materials comprising such as glass fibres, perhte, vermiculite, inorganic lamina, pulverise fuel 
ash, flake-like materials such as mica, or chopped fibres , e g mineral fibres, or such other materials as will give added 
strength to the structure, e g carbon fibres, may be present. The latter may be in the form of individual fibres, platelets 
or a mat thereof. As well as improving thermal resistance, the lower density makes the products lighter and easier to 
55 handle and install. 

The product made in accordance with the invention can be fired prior to use and will then assume the strength 
characteristics typical of ceramics in general. No loss of strength is observed, indeed strength is increased This is 
significant in that calcium silicates are used in the production of fireboards and other products but, although the strength 
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of these materials in the green state is relatively high, their strength is reduced or lost upon exposure to very high or 
sustained temperatures. It is a unique advantage of the products that they can be used in the green state, and their 
strength actually increases if subjected to heat, e.g. in the case of a fire. It is preferred to use zirconium silicate (e.g. 
Zirconsil) in fireboard products as this enhances strength in conditions of extreme heat for prolonged periods. Since 

5 no organic binder is employed there is none to burn out and weaken the product, and the ability to mould or cast means 
that more complex shapes than the simple flat boards of hitherto can be made. 

The enhanced green strength means that much larger ceramic tiles/boards can be produced and improves pre- 
fired handleability to include sawing, routering, sanding and general cutting to required size or shape and ease of 
transportation. The fireboard products have enhanced green strength but the ceramic boards have even greater green 

io strength and may be used unfired or partly fired in situations of heat exposure, where the heating will enhance the 
strength of the product prolonging its life, but will normally be fired and glazed. In this case the inclusion of void-forming 
products should be avoided as these will mar the glaze during firing. Very large glazed tiles can be produced which 
have many advantages over existing wall-cladding systems including the ability to produce cornered or three-dimen- 
sional shapes and to cast-in fixings. 

15 Where firing and/or glazing is carried out the temperature should be sufficiently high to at least sinter the product 

and preferably cause crystallisation of the silica. Temperatures in the range of 700 to 1200 °C, preferably of 1000°C 
or more, may be employed. 

Notwithstanding the product's exposure to heat in its untreated green state the ceramic board is weather resistant. 
Thus the increased green strength of the product, its stability on firing and ability to glaze, broadens the scope of 
20 product applications and will open up new markets to ceramic products. 

The use of calcium or zirconium silicate retractile material fillers (most preferably acicular in nature) in combination 
with a colloidal silica sol such as SYTON X30 and gelation by either chemical or physical (pressure) means enables 
the production of large complex three-dimensional ceramic bodies with green (unfired) strength of at least 5MPa and 
fired strengths in the range of 10MPa to 30MPa as determined by a modulus of rupture test. 
25 a preferred retractile material is Wollastonite (calcium metasilicate), which is a mineral whose natural form is 

acicular (spiny), with length:diameter ratios from 3: 1 to 20: 1 . The acicular nature of this material is believed to contribute 
to the green strength of the product. 

It is preferred to employ at least 30% silica sol. Overall proportions of components may be within the following range: 



30 



Silica sol 


30-75% 


Silicates 


8-70% 


Other ingredients 


8-40% 



Within this, the proportion of calcium metasilicate should preferably not exceed 65% (by weight) of the total slurry, 
and may conveniently be in the range 20-40%. More than one metasilicate may be used, e.g. Wollastonite G and 
Wollastonite 400, in which case each should be in the range 10-30%. If zirconium silicate, e.g. Zirconsil, is employed 
it should preferably be in the range 20-30%. 

The ceramic product produced may have a density as high as 2,500 kg/m 3 but, for a fireboard, preferably has a 
density below 1 500 kg/m 3 , for example in the ranges around 250, 500 or 800 kg/m 3 . 

Two or more such products may be joined together at edges thereof by applying ceramic slip between them, 
refreezing the combination, and then drying them to form a unitary product. 

A fire-resistant board, tile or casting a ceramic product as described above may be provided with depressions of 
such depth as to accommodate ceramic glaze material. 

The invention will now be more particularly described by way of example and with reference to the accompanying 
drawings, in which: 

Figure 1 is a diagram of a mould suitable for use in the method of the invention; and 
Figure 2 is a graph of thermal resistance data of products of the invention. 

Referring to the drawing, Figure 1 shows a mould comprising an insulated lid A and an insulated base B surrounding 
a lower C and upper D mould plate separated by spacers E. Slurry F in accordance with the invention is enclosed 
between plates C and D. Reservoirs G receive liquid nitrogen in order rapidly to freeze the slurry F. 

One essential step in the method of the present invention is that the ceramic slurry is frozen. The freezing tem- 
perature may typically be minus 70°C, Since the ceramic slurry contains a freeze-sensitive sol, the volume of the water 
component of the sol increases on its freezing to ice This increased volume produces an internal pressure which 
densities the ceramic particles of the slurry. Subsequently, when the material is warmed back up to room temperature, 
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the ice melts and remains as water within the structure but the structure is now solid with good green strength 

The water is then dried off, to leave a ceramic material which is porous. The amount of porosity in the material is 
determined by the rate of freezing and the particle size and distribution of particles. The material may then be fired, if 
so desired. 

5 One advantage of this freezing step is that there is virtually no dimensional change between the wet and dried 

products. Many ceramics produced by conventional routes such as pressing or slip casting shrink by up to twenty five 
per cent of the original green state ceramic dimensions. Freeze casting eliminates this shrinkage to a very major degree. 
The materia! may also be moulded, possibly continuously to produce an elongate board. 

As stated above, the material is porous and control of the pore size and distribution is affected by the particle size 

10 of the original slurry and by the rate of freezing. The preferred average particle size in the sol is less than 30 nanometers. 
The rate of freezing may be increased by providing moulds which have high thermal conductivity such as those made 
of aluminium or an aluminium powder filled epoxy resin. The mould can either be immersed in a cryogenic tank or a 
cryogenic liquid, such as liquid nitrogen or solid carbon dioxide, from a freezing unit and can be pumped around chan- 
nels within the mould. A mould release agent is generally used. 

is Use of the above procedures enables ceramics to be produced between 25% and 85% dense. 

The use of particle sizes in the sol of less than 30 nanometers has a further advantage in that it enables the ceramic 
to be fired at relatively low temperatures because of the reactivity of the high surface area particles. If it is desired 
further to reduce the density of the material, e.g. to produce a fireboard, it is possible to add sacrificial materials as 
described hereinabove. 

20 Fireboards produced in the above manner have extremely low thermal conductivity due to the high porosity but 

show excellent strength and integrity at temperatures up to 1200°C. They also have high thermal shock resistance, 
mechanical integrity and dimensional stability. 

Because the freezing step gives a green state product which is itself strong or which can be fired without appreciable 
shrinkage, it is possible to produce very complex geometries, possibly three<iimensional, of insulation fireboard and 
25 ducting using the above method. Also, since the system is totally inorganic, and contains no organic binders, the 
material has better temperature stability since there are no binder systems that can burn out when the material is heated. 

The ability to cast complex shapes may be used in the formation of decorative tiles. A series of progressively 
deeper depressions or profiles may be formed in a surface of the tile, which in use is intended to be outermost. Each 
depression or profile may be coated or filled with a glaze so that, when the tile or article is fired, the finish of the tile 
30 shows variation in colour depending on the depth and colour of the glazes used. 

If it is desired to produce a larger product, tiles or other articles produced by the method may be joined by applying 
between them a bonding layer of ceramic slip, and refreezing the conjoined articles. 

It is also possible to incorporate fittings or fixings, such as nuts or trunking, into the mould so that they become 
part of the cast article. This enables articles such as tunnel linings, cladding or ceramic glazed building panels to be 
35 produced for ease of use at a later date. 

The invention is further illustrated in the following nonlimiting Examples: 

Example 1 (Comparative) 



Composition (wt%): 


73% 




Sodium stabilised silica sol 


11% 




Precipitated silica 


8% 




Zirconium silicate (Zirconsil) 


8% 




PerJite (2JL) 


36 ml of polystyrene spheres (3-5mm) in 100 g of above slurry 



The precipitated silica is first mixed thoroughly into the colloidal silica until it is completely dispersed. Next, zirconsil 
powder is dispersed by continuous stirring until a uniform suspension is obtained. Finally, the perlrte and polystyrene 
are spheres are added and mixed in. 

The slurry is poured into a mould to produce the required shape, the mould sealed and then frozen with liquid 
nitrogen to -70°C Upon warming back up to room temperature a solid structure has formed. When dry, the product is 
subjected to a low temperature 'firing' step at 800°C for one hour which produces a porous ceramic having a density 
of 400kg/cu.m The temperature used is below that at which sintering takes place and does not contribute to the strength 
of the board. It is employed to burn out the heat labile ingredients in order to produce voids in the fireboard. 
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Composition (wt%) : 


71% 


Sodium stabilised colloidal silica sol 


14% 


Zirconsil powder 


7% 


Quartz sand 


8% 


Perlite (2JL) 



The Zirconsil powder is first dispersed in the sol and then the other ingredients mixed in. 

A mat of inorganic fibres is introduced into the mould and the above slurry poured in. A second mat of inorganic 
fibre is then introduced on top of the slurry. A board was then freeze cast as described in Example 1 , except that it was 
dried at 200°C and fired at 850°C for one hour. The board so obtained had a density of 560 kg/cu.m and appeared to 
have greater mechanical strength than that of Example 1 . 

The board was strong enough to be handled and was tested for thermal insulation by exposing one surface of the 
board to the face of an oven heated to 1000°C and recording the temperature on the other surface over time. The 
results appear in figure 2. After the test the board retained its integrity and showed no visible dimensional change after 
exposure to 1000°C for eight hours. 

Example 3 (Comparative) 



25 Composition (wt%) : 

56.3% Colloidal silica sol (sodium stabilised) 

3.8% Precipitated silica 
30 7.0% Quartz sand 

26.3% Zirconsil powder (Zr0 2 .Si0 2 ) 



35 



6.1% Perlite (2JL) 

0.5% Chopped glass fibre 



The precipitated silica was first dispersed in the colloidal silica sol followed by the other products. 

The board was then freeze cast as described in Example 1 except that the board was dried at room temperature 
for several hours before further drying at 100°C and firing at 800°C for one hour. The board had a final density of 800 
kg/cu.m. The thermal insulation test results are shown in figure 2. 

Example 4 



Composition (wt%): 


53.3% 


Syton X30 (silica sol) 


13 3% 


Wollastonite (NYAD G) 


1 3 3% 


Wollastonite (NYAD 400) 


13 3% 


Zirconsil 


66% 


Vermiculite (fine) 
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The designations NYAD G or 400 refer to the supplier's (Cooksons, Stoke on Trent) designation of the grade 
The Wollastonite G, followed by the Wollastonite 400, the zirconsil and finally the vermiculite were added to the 
sol in that order and mixed in. The board was freeze cast as described in Example 1 except that it was dried at room 
temperature and then at 100°C overnight. No 'firing* was carried out. The board had a final density of 920 kg/cu m and 
5 was thermally tested as in Example 2. Test results are shown in figure 2 and after 1 hour at 1000°C no damage was 
visible to either surface of the board. The board was strength tested using a standard modulus of rupture test and the 
results are shown in Table 1 below together with comparative tests on proprietory fireboards Supalux and Promatect. 

Example 5 

70 



Composition (w1%): 


Silica Sol (SYTON X30) 


33.5% 


Calcium Metasilicate (Wollastonite NYAD G) 


16.5% 


Calcium Metasilicate (Wollastonite NYAD 400) 


25% 


Zirconium Silicate (Zirconsil) 


25% 



The Syton X30 was weighed and placed in a mixing container. The other ingredients were individually stirred into 
20 the Syton in the following order: Wollastonite G, Wollastonite 400 and Zirconsil. An industrial whisk-type mixer was 
used to combine the ingredients. 

Once combined the slurry is stable at room temperature for 24 hours, however some sedimentation does occur 
requiring the slurry to be restirred before use. 

An aluminium mould was constructed such that the internal dimensions were 1200 x 1300 x 9mm (see figure 1). 
25 The slurry was poured into the mould to slight excess volume such that when the sixth side was bolted on, the 

excess slurry was squeezed out. This ensured that no air pockets were created. 

The mould was then subject to cooling using liquid nitrogen which was poured into a bath containing the mould. 
The freezing process was allowed to continue for a minimum of 6 minutes and temperature maintained at -30 - -40°C 
for a minimum further 6 minutes. 
30 The ceramic board was removed from the mould and dried at a temperature of 150°C for 2.5 hours. This produces 

a board with a high green strength (see Table 1). 

Boards were either fired whole at 1 1 90°C or cut into smaller pieces and fired with or without glaze, and then strength 
tested on a universal testing machine (110 centres and 1.5mm/min) and the MPa required to fracture the tile recorded, 
as above. The results are given in Table 1 . 

35 

Example 6 





37.7% 


Syton X30 (silica sol) 


40 


18.6% 


Wollastonite NYAD G 




43.7% 


Wollastonite NYAD 400 



The wollastonite G and 400 were added to the sol in that order as described in Example 4. The slurry was poured 
into a mould and freeze cast as in example 5. Samples were tested in the green state and after firing both with and 
without glaze. The results are in Table 1 . 



TABLE 1 



SAMPLE 


STRENGTH MPa 


Supalux (Cape) 


Av. 6.325 N=4 


Promatec L (Eternit) 


Av. 3.1 N=4 


Example 4 


Av. 2.24 N=4 


Example 5 (Green state) 


Av. 8.5 N=2 


Example 5 (Fired) 


Av. 12.6 N=3 


Example 5 (Glazed) 


Av. 16.8 N=3 
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TABLE 1 (continued) 



SAMPLE 


STRENGTH MPa 


Example 6 (green state) 


Av. 5.7 N=2 


Example 6 (Fired) 


A v. 11.33 N=2 


Example 6 (Glazed) 


Av. 11.5 N=2 



w Claims 



1. A method of producing a ceramic product comprising the steps of preparing an aqueous slurry of a silica so! with 
a refractile material comprising an acicular calcium metasilicate wherein the range of particle sizes used and the 
total specific surface area of these particles in relation to the silica particles is such as to give high green strength, 
is causing the slurry to gel by freeze moulding, in a closed mould, to form a solid structure, and drying said structure 

to form a solid ceramic product. 



2. A method as claimed in claim 1 wherein a zirconium silicate is also present. 



20 3. A method as claimed in any of claims 1 or 2 wherein the step of drying is carried out by firing the structure or by 
allowing the structure to dry under conditions substantially close to ambient. 

4. A method as claimed in any of claims 1 to 3 wherein the slurry is frozen at a temperature in the range -5°C to 
-150°C, advantageously in the region of -40°C to -70°C. 

25 

5. A method as claimed in any of claims 1 to 4 wherein the slurry comprises a colloidal sol of silica having an average 
particle size less than 30 nanometers. 

6. A method as claimed in any of claims 1 to 5 wherein the slurry contains void forming material, such as particles 
30 of sawdust, polystyrene or the like, and which is burnt out during the step of firing or in a separate heat treatment, 

or a gas-forming agent. 

7. A method as claimed in any of claims 1 to 6 wherein thermally insulting or strengthening means comprising glass 
fibres, perlite, vermiculite, inorganic lamina, pulverised fuel ash, flake-like materials such as mica, or chopped 

35 fibres , e.g. mineral fibres, or such other materials as will give added strength to the structure, e.g. carbon fibres, 

are present, 

8. A method as claimed in any of claims 1 to 7 in which the product in its green state has a strength at least 5MPa 
and a fired strength in the range of 10MPa to 30MPa as determined by a modulus of rupture test. 

40 

9. A method as claimed in any of claims 1 to 8 wherein the proportion of calcium silicate should not exceed 65% {by 
weight) of the total slurry, and preferably be in the range 20-40%. 



45 Patentanspruche 

1. Verfahren zum Herstellen eines Keramikproduktes, das folgende Schritte umfaBt: 



es wird eine wassrige Aufschlammung eines Kieselsols mit einem feuerfesten Material hergestellt, das ein 
so nadelformiges Kalziummetasilikat aufweist, wobei der Bereich der verwendeten TeilchengroGe und die ge- 

samte spezifische Oberflache dieser Teilchen in Relation zu den Silikatteilchen so gewahlt ist, daft sich eine 
hohe Rohbruchfestigkeit ergibt, durch Gefrierformen in einer geschlossenen Form wird die Aufschlammung 
zur Gelbildung gebracht, um eine feste Struktur zu formen, und 
die Struktur wird getrocknet, um ein festes Ke rami kp rod ukt zu bilden. 

55 

2. Verfahren nach Anspruch 1 , 

wobei em Zirkoniumsilikat ebenfalls vorhanden ist. 
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3. Verfahren nach Anspruch 1 Oder 2, 

wobei der Schritt des Trocknens durchgefOhrt wird, indem man die Struktur brennt oder die Struktur unter Bedin- 
gungen trocknen laGt, die im wesentlichen dicht bei Umgebungsbedingungen sind. 

4. Verfahren nach einem der Anspruche 1 bis 3, 

wobei die Aufschlammung bei einer Temperatur in dem Bereich von -5 °C bis -1 50 °C, vorteilhafterweise im Bereich 
von -40 °C bis -70 °C gefroren wird. 

5. Verfahren nach einem der Anspruche 1 bis 4, 

wobei die Aufschlammung ein kolloidales Kieselsoi mit einer durchschnittiichen TeilchengroGe von weniger als 30 
Nanometern aufweist. 

6. Verfahren nach einem der Anspruche 1 bis 5, 

wobei die Aufschlammung ein Hohlraume bildendes Material, wie z.B. Teilchen aus Sagemehl, Polystyrol oder 
dergleichen, das wahrend des Brennschrittes oder bei einer separaten Warmebehandlung verbrannt wird, Oder 
ein gasbildendes Mittel enthalt. 

7. Verfahren nach einem der Anspruche 1 bis 6, 

wobei thermisch isolierende oder die Festigkeit erhohende Mittel, die Glasfasern, Perlit, Vermikulit, anorganische 
Plattchen, pulverisierte Brennstoffasche, flockenartige Materialien, wie z.B. Glimmer, oder gehackte Fasern, z.B. 
Mineralfasern aufweisen, oder andere solche Materialien, die der Struktur zusatzliche Festigkeit verleihen, wie z. 
B. Kohlefasern, vorhanden sind. 

8. Verfahren nach einem der Anspruche 1 bis 7, 

bei dem das Produkt in seinem Rohzustand eine Festigkeit von mindestens 5 MPa sowie eine gebrannte Festigkeit 
im Bereich von 10 MPa bis 30 MPa besitzt, die mit einem Bruchmodultest bestimmt wird. 

9. Verfahren nach einem der Anspruche 1 bis 8, 

wobei der Anteil von Kalziumsilikat 65 Gew.-% der gesamten Aufschlammung nicht Oberschreiten sollte und vor- 
zugsweise im Bereich von 20 bis 40 Gew.-% liegt. 



Revendications 

1. Procede de production d'un produit ceramique, comprenant les etapes consistant a preparer une bouillie aqueuse 
d'un sol de silice avec un materiau refractaire comprenant un metasilicate de calcium aciculaire, la gamme de 
tallies de particules utilisees et I'aire de surface specifique totale de ces particules, par rapport aux particules de 
silice etant determinees pour conferer une resistance au vert elevee, a gelifier la bouillie par moulage par conge- 
lation dans un moule ferme, afin de donner une structure solide, et a secher ladite structure pour former un produit 
ceramique solide. 

2. Procede selon la revendication 1 , dans lequel un silicate de zirconium est egalement present. 

3. Procede selon I'une quelconque des revendications 1 ou 2, dans lequel I'etape de sechage est mise en oeuvre 
en cuisant la structure ou en faisant secher la structure dans des conditions sensiblement proches de la tempe- 
rature ambiante. 

4. Procede selon Tune quelconque des revendications 1 a 3 ( dans lequel la bouillie est congelee a une temperature 
situee entre - 5 a C et - 150°C, avantageusement entre - 40°C et - 70°C. 

5. Procede selon I'une quelconque des revendications 1 a 4, dans lequel la bouillie comprend un sol de silice colloidal 
presentant une taille moyenne de particules inferieure a 30 nanometres. 

6. Procede selon I'une quelconque des revendications 1 a 5, dans lequel la bouillie contient un materiau formant des 
inclusions, tel que des particules de sciure, de polystyrene ou similatre, et qui est totalement brute lors de I'etape 
de cuisson ou lors d'un traitement thermique separe, ou un agent formant du gaz. 

7. Procede selon I'une quelconque des revendications 1 a 6, dans lequel sont presents des moyens isolants thermi- 
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ques ou de renforcement, comprenant des fibres de verre de la perlite, de la vermiculite, des lamelles inorganiques, 
des cendres de combustibles pulverisees, des materiaux du type flocons tels que du mica, ou des fibres broyees, 
par exemple des fibres minerales, ou d'autres materiaux conferant une meilleure resistance a la structure comme, 
par exemple, des fibres de carbone. 

Procede selon I'une quelconque des revendications 1 a 7, dans lequel le produit presente une resistance, a I'etat 
vert, d'au moins 5MPa et une resistance, une fois cuit, situee entre 10MPa et 30MPa, ladite resistance etant 
determinee par un test de module de rupture. 

Procede selon I'une quelconque des revendications 1 a 8, dans lequel la proportion de silicate de calcium ne doit 
pas depasser 65 % (en poids) de la quantite totale de bouillie et, de preference, elle se situe entre 20 et 40 %. 
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